Background: 5-Azacitidine administered as a 7-day dosing regimen (7-0-0) is approved in high risk IPSS myelodysplastic syndrome (MDS) patients. Alternative regimens such as a 5-day (5-0-0) or 7-day with a weekend break (5-2-2) are commonly used. No randomized controlled trial has been done directly comparing all three dosing regimens. The objective of this study was to compare the efficacies of the 5-0-0, 5-2-2, and 7-0-0 regimens in MDS and AML. Methods: A systematic review was conducted using MEDLINE, EMBASE and CENTRAL. Eligible studies were randomized controlled trials (RCTs), observational prospective and retrospective studies. The primary clinical outcomes were Objective Response Rate (ORR) defined as the sum of complete response (CR), partial response (PR), and hematological improvement (HI) as defined by the IWG 2006 criteria. A meta-analysis of simple proportions was conducted using a random effects model with weights defined according to Laird and Mosteller. Comparisons between groups were not attempted due to the heterogeneity of study designs. Results: The only RCT directly comparing alternative azacitidine regimens showed no difference in ORR between the 5-0-0 and 5-2-2 regimens. All other RCTs compared a dosing regimen to conventional care. The pooled proportion of ORR was 44.8% with 95% CI (42.8%, 45.5%) for 7-0-0, 41.2% with 95% CI (39.2%, 41.9%) for 5-0-0, and 45.8% with 95% CI (42.6%, 46.4%) for 5-2-2.
Background
Azacitidine has become the standard of care for patients with high risk myelodysplastic syndrome (MDS) when a hematopoietic stem cell transplant is not an option. In the CALGB 9221 randomized clinical trial, azacitidine administered at 75 mg/m 2 for 7 continuous days resulted in an objective response rate of 16% compared to no response in the control group [1, 2] . This response rate included improvement in peripheral cytopenias resulting in transfusion independence as well as a reduction in the bone marrow blast percentage [2] . The subsequent international phase III open label randomized controlled trial (RCT) AZA-001 comparing azacitidine to conventional care that included low dose cytarabine, best supportive care or intensive chemotherapy showed a statistically significant survival benefit as well as a doubling in the time to progression to AML with azacitidine. The results of the AZA-001 clinical trial led to the FDA extending a survival benefit to the use of the drug in intermediate-2/high risk MDS by international prognostic scoring criteria (IPSS), CMML with 10-30% blasts, and AML with 20-30% blasts [3] .
The standard approved dose cycle of azacitidine has been 75 mg/m 2 for 7 continuous days (7-0-0), according to the AZA-001 and CALGB clinical trials [2, 3] .
However, due to difficulties with administration of weekend doses, many centres either administer the same dose on a 5-day schedule (5-0-0), or a 5-day schedule followed by a weekend break followed by an additional 2 days (5-2-2) [4] . There has been no formal randomized clinical trial comparing the efficacy and tolerability of the alternative azacitidine doses, and the assumption has been that they are equivalent [5] . However, there are several important pharmacologic points that may challenge this assumption.
The active form of azacitidine binds both RNA and DNA, exerting its cytotoxic effect via interference with RNA transcription and DNA methyltransferase I activity in actively proliferating cells [1, 6] . In studies of azacitidine pharmacokinetics, the drug was undetectable in daily pretreatment blood samples, suggesting a rapid elimination and no accumulation [1] . Therefore, as the drug is only active in proliferating cells and does not accumulate, shorter durations of therapy within each cycle are less likely to have the drug encounter all malignant clones in their S-phase [1, 5] . This would conceptually argue for the increased efficacy of longer duration of treatment per cycle [5] . However, this argument does not discount interrupted courses of therapy such as 5-2-2. Since the benefit of azacitidine has most definitively been demonstrated in RCT using the 7-0-0 schedule, it becomes important to collect efficacy data on the alternative dosing schedules in order to ensure they are at least as equally effective as 7-0-0 [7] . The objective of the current systematic review is to evaluate the efficacy and tolerability of the 5-0-0, 5-2-2, and 7-0-0 azacitidine dosing regimens in MDS patients.
Methods
The primary outcome was objective response rate (ORR) calculated as the combination of complete response (CR), partial response (PR), and hematological improvement (HI) as per the IWG 2006 criteria [8] . Due to the heterogeneity of the reporting of outcome data, the ORR was determined to be the outcome that could be extracted from the greatest number of articles and abstracts describing azacitidine treatment. Due to the inability to separate the treatment outcomes of AML patients that were included in retrieved studies of azacitidine therapy in MDS, these patients were included in the analysis of ORR.
Search strategy
A systematic literature search was conducted in November 2014 and updated in October 2015 using the OVID interface and included MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials (Central) databases. The full methodology is described below with no additional review protocol or registration. No language restrictions were applied.
A sensitive search strategy was based on combination of subject headings and text-words using alternative spellings and word endings, such as but not limited to the search terms ' AZA' , 'azacitidine' , 'azacytidine' , 'vidaza' , 'ladakamycin' , 'myelodysplastic syndrome' , 'myelodysplasia' , and 'MDS'. Modifications to the search strategy were made for each database using appropriate thesaurus terms and fields. The Medline search strategy is indicated in Additional file 1. Articles were evaluated for inclusion based on the title and abstract. If an abstract was not available, an attempt was made to retrieve the full article for evaluation. Any articles retrieved with the search that included AML and CMML patients were included in the subsequent analysis if they met inclusion criteria.
Assessment of study quality and data extraction
Articles meeting inclusion criteria were retrieved for full data extraction. The inclusion criteria were as follows: randomized clinical trials, observational prospective, and observational retrospective studies evaluating the clinical response of patients with myelodysplastic syndrome to azacitidine. Studies were excluded if they were phase I clinical trials, review articles, case series, or abstracts that were subsequently published in full form. Studies assessing AML and CMML patients retrieved with the search strategy were included in the analysis. Relevant data from included articles was extracted using a data collection form, and encompassed the disease characteristics of patients included in selected studies, vidaza dosing regimens used, and outcome variables. The primary outcome was objective response rate (ORR) calculated as the combination of complete response (CR), partial response (PR), and hematological improvement (HI) as per the International Working Group (IWG) criteria. In those publications where the ORR was directly reported as is defined by the IWG criteria, this ORR was recorded. In those publications which did not directly report the ORR but did report CR, PR, and/or HI as defined by the IWG, the ORR was calculated as the sum of available data. If the ORR could not be calculated from an abstract and/or article, then this publication was not included in the data analysis. Articles that reported objective response based on the IWG 2000 criteria were included in the analysis, with the justification based on the overall similarity in objective response using the two criteria as is shown in Additional file 2: Table S3 . Articles that included only AML patients had objective response defined as CR + CRi + PR + HI, where HI referred to patients who did not attain the response criteria for CR/CRi or PR. Articles that reported on MDS and AML patients where the objective response could not be separated based on disease type were included in the analysis. If the outcome results reported in a publication could not be attributed to a particular dosing regimen of azacitidine, an attempt was made to contact the corresponding author in order to obtain this data. The quality of RCT, including any possible degree of bias in the study, was assessed according to the criteria proposed by Jadad et al. [9] Non-randomized observational studies were assessed with respect to attrition bias and reporting bias using the Cochrane Bias Assessment Tool [10] .
Statistical analysis
A meta-analysis of effect sizes of the articles meeting inclusion criteria was planned but could not be performed as there were insufficient RCT directly comparing the efficacy of various azacitidine dosing regimens. A pooled proportion analysis using a random effects model was conducted as previously described [11, 12] . The primary outcomes of interest were objective response rate and complete response as per IWG [8] . A z-test was used to assess for differences between effects, with a p-value <0.05 considered statistically significant. A sensitivity analysis was done evaluating the pooled proportion of ORR in subgroups of patients retrieved with the search strategy.
Results

Results of the search strategy from the systematic review
The search strategy from all databases identified 1690 articles and abstracts after duplicates were removed, from which 47 articles and 90 abstracts met inclusion criteria for full study evaluation (Fig. 1) . Of the 47 articles, there were 6 that did not report outcomes corresponding to individual azacitidine dosing regimens thereby excluding these articles from the final analysis. One article was excluded because the dosing regimen did not correspond to any of 5-0-0, 5-2-2, or 7-0-0, and another two articles were excluded because ORR could not be calculated. The remaining 38 articles along with the 90 abstracts were included in the pooled proportions analysis. As there were no randomized controlled trials directly comparing alternative dosing schedules of azacitidine, a meta-analysis of effects could not be performed. For most domains, studies had an unclear or a high risk of bias (Fig. 2) . References to studies not cited in the article text but included in the data analysis are shown in Additional file 3.
Characteristics of included studies
Of the 128 articles and abstracts meeting inclusion criteria, there were a total of 3 articles detailing randomized controlled trials (RCT) with one of the three articles summarizing data from three previous CALGB clinical trials (Table 1 ) [13] . Two of the RCTs evaluated the 7-0-0 regimen and one of the RCTs evaluated the 5-0-0 and 5-2-2 regimens, with all RCTs comparing azacitidine to conventional care that includes one or more of best supportive care, therapy with Ara-C, or intensive chemotherapy. The remainder of the articles were observational studies with either prospective (11/ 38) or retrospective (24/38) design.
A summary of the patient characteristics of included studies is shown in Additional file 2: Table S1 . There were a total of 7520 patients, with 5545 patients receiving the 7-0-0 regimen, 1207 receiving the 5-0-0 regimen, and 768 receiving the 5-2-2 regimen. The median age of all patients was 70. The median age of all patients Fig. 1 Flow diagram for the systematic review. The screening strategy resulted in the inclusion of only abstracts and articles for which objective response rate (ORR) as defined by the IWG 2006 criteria was either reported or could be calculated from the reported data for each particular dosing strategy. Seven studies that met all screening criteria were excluded from the final analysis because they reported ORR that was a pooled outcome for several different dosing regimens, and the raw outcome data for each particular dosing regimen could not be attained from the authors reported in articles with the 5-0-0, 5-2-2, and 7-0-0 regimens was 66, 72, and 69, respectively. The mean number of cycles received by patients treated with the 5-0-0, 5-2-2, and 7-0-0 regimens was 6, 6.7, and 5.5, respectively. An r by c chi square test was done showing that it was statistically more likely for patients receiving the 7-0-0 treatment regimen to have IPSS high risk than it was for the other treatment groups χ 2 (2, N = 2050) = 13.33, p = 0.0013. Similarly, it was statistically more likely for patients receiving the 7-0-0 treatment regimen to have a diagnosis of AML χ 2 (2, N = 2760) = 121.4, p < 0.000001. For articles that reported ECOG values, those articles reporting on patients treated with the 5-0-0, 5-2-2, and 7-0-0 regimens had 80%, 75%, and 80% of their patients in an ECOG <= 1 group, respectively. An r by c chi square test was done showing that there was no statistically significant association between the proportion of patients with ECOG score ≤ 1 and treatment regimen χ 2 (2, N = 1825) = 0.681, p = 0.7114.
Direct comparison of dosing regimens
The outcomes from the articles included in the systematic review are summarized in Additional file 2: Table  S2 . There was a small number of studies directly comparing the different azacitidine regimens. There were two studies directly comparing the 5-0-0 and 5-2-2 dosing regimens. One was a randomized controlled trial showing no statistically significant difference in ORR between the 5-0-0 and 5-2-2 dosing regimens [14] . The other was an observational retrospective study that also showed no difference in ORR between the two regimens [15] . There were also two studies directly comparing the 5-0-0 and 7-0-0 regimens, both of which are observational retrospective studies that showed no statistically significant difference in ORR between the two regimens [15, 16] . Due to methodological heterogeneity, we did not conduct a direct comparison between groups.
Results of the pooled proportions analysis
The pooled proportion of ORR was 44.8% (95% CI 42.8% to 45.5%) for the 7-0-0 dosing regimen, 41.2% (95% CI 39.2% to 41.9%) for the 5-0-0 regimen, and 45.8% (95% CI 42.6% to 46.4%) for the 5-2-2 regimen. A sensitivity analysis was done evaluating the pooled proportion of ORR in subgroups of patients such as those strictly reported to have a diagnosis of MDS, to have higher risk disease based on the IPSS, and based on the type of study that was performed (observational prospective, observational retrospective, RCT). Results of the sensitivity analysis are shown in Table 2 .
Discussion
This systematic review was intended to test the hypothesis of whether the more practically convenient 5-0-0 and 5-2-2 azacitidine dosing regimens used to treat MDS have at least equivalent efficacy to the approved 7-0-0 dosing regimen studied in randomized clinical trials. The number of studies directly comparing the alternative dosing regimens was small, and no study directly compared all three regimens to each other. In those studies where a comparison of alternative regimens was made, they were found to be equivalent in terms of the ORR. Unfortunately, methodological heterogeneity of studies prevented a meta-analysis of effects. The choice of ORR as the primary outcome variable was made due to the heterogeneity of the reporting of outcome data in articles describing azacitidine therapy. The ORR was determined to be able to pool data from the greatest amount of published literature on the subject of azacitidine dosing. Due to the heterogeneity of the reporting of survival data and to the substantial Every publication included in the systematic review was assessed for its risk of bias based on the reporting of data. Randomized clinical trials had the lowest risk of bias. The large amount of unclear risk of selection, performance, and detection bias reflects the relatively large number of nonrandomized observational studies in the systematic review. The relatively high risk of reporting bias is a reflection of data acquired from conference abstracts that were judged to have a higher risk of selective reporting than full literature articles number of articles and abstracts that did not report overall survival, this outcome could not be used in the pooled proportions analysis. Other outcome variables commonly reported in studies of azacitidine, including CR, PR, HI, and transfusion dependence were independently evaluated as potential primary outcome variables for the pooled proportions analysis, and none encompassed as many studies as the ORR. Only the reporting of CR was similar to that of the ORR, with far more heterogeneity of reporting noted for the other outcome variables. Similarly to ORR, the attainment of stable disease has been found to have a correlation with overall survival in MDS, and was considered for inclusion in the pooled proportion analysis [17] . However, stable disease as an outcome was reported in a total of 42% of articles and abstracts. The exclusion of all articles and abstracts not reporting on stable disease would result in a greater degree of bias affecting the interpretation of the outcomes. The definition of ORR did undergo an update in 2006, resulting in differences in the way this value was calculated from patient data compared to preceding years [8, 18] . Although this is a limitation of choosing the ORR as an outcome variable, the majority (75%) of the ORR used in the pooled proportions analysis was determined using the IWG 2006 criteria. Furthermore, due to the significant similarities between the IWG 2000 and IWG 2006 definitions of ORR, the relatively small number of articles and abstracts included in this review that reported the ORR using the IWG 2000 definition is unlikely to significantly affect the pooled proportions analysis. Additional file 2: Table S3 compares the IWG  2000 and IWG 2006 criteria for ORR. The inclusion of CMML and AML patients in this systematic review was required because it was not possible to separate the outcomes of these patients from the MDS patients in most studies. Excluding any study that reported on CMML or AML in addition to MDS would have resulted in a substantial reduction in the total number of studies and patients as is shown in the sensitivity analysis (Table 2) . For studies that reported on AML patients included in the review, response outcomes were reported allowing for the determination of ORR [19, [20] [21] [22] . Two studies of AML patients retrieved with the search strategy that did not report on HI were excluded from the pooled proportion and sensitivity analyses because ORR could not be calculated.
A pooled proportions analysis of the different dosing regimens across both randomized and observational studies was performed. Understanding the inherent limitation of this analysis [11, 12] , it was found that the 7-0-0, 5-2-2, and 5-0-0 regimens had pooled ORR of 44.8%, 45.8%, and 41.2%, respectively. Interestingly, the confidence intervals of the 7-0-0 and 5-0-0 regimens do not overlap in a random effects model of pooled proportions, suggesting the possibility that the 7-0-0 may have somewhat greater efficacy in terms of the ORR than the 5-0-0 regimen. This as an indirect comparison of pooled ORR, but lends support to the idea that total time of exposure to azacitidine does play a role in clinical efficacy [6] . The same outcome is noted for the indirect comparison of the ORR of the 5-2-2 regimen and 5-0-0 regimen, also suggesting the possibility that a longer exposure to azacitidine has clinical benefit. Indirect comparison of the 7-0-0 and 5-2-2 regimens yielded overlapping confidence intervals, suggestive of the equal efficacy of these regimens in terms of ORR. What seems to be consistent is that a total course of 7 days (with or without a weekend break) of treatment with azacitidine has a statistically significant higher pooled ORR than a 5-day course.
It is important to note that the pooled set of patients receiving the 7-0-0 treatment regimen had a greater proportion of patients with IPSS high risk score and a diagnosis of AML than the other two treatment regimens. This likely reflected the fact that the 7-0-0 regimen was studied in clinical trials and is the regimen receiving clinical approval. How this impacted the pooled ORR for this group of patients across all studies is not clear because the IPSS is a prognostic score predictive of survival in MDS, not objective response rate [23] . To determine whether the higher proportion of AML patients treated with the 7-0-0 regimen affected the outcome of the pooled proportion analysis, a sensitivity analysis was performed assessing the response of patients with a diagnosis of MDS only (studies assessing any patients with a diagnosis of AML or CMML were excluded). It yielded the same outcome in that the pooled ORR with the 7-0-0 and 5-2-2 regimens were higher than the pooled ORR with the 5-0-0 regimen. The slightly higher ORR of the 7-0-0 in relation to the 5-0-0 regimen in an indirect pooled proportional analysis was consistent in similar sensitivity analyses focusing on patients assessed in randomized clinical trials, and on patients assessed in prospective observational studies ( Table 2 ). The clinical significance of this finding is uncertain, however, without a direct comparison of the different dosing regimens in a clinical trial.
An important limitation of the current systematic review is that due to a paucity of randomized controlled trials in directly comparing the alternative azacitidine dosing regimens, most of the articles and abstracts included in this systematic review refer to observational prospective and retrospective studies. With a lack of randomization, blinding, and allocation concealment in these studies, there is a substantial risk of selection, performance, and detection bias as summarized in Fig. 2 [10] . However, with the consistency of the finding that the pooled ORR for a total of 7 days of azacitidine exposure is higher that the pooled ORR for 5 days of exposure, a randomized clinical trial is required for direct comparison and a definitive answer. If a trial is not performed, a standardization of outcome data reporting in the literature would facilitate the update of the sort of analysis done in this study with the inclusion of stable disease and survival as outcomes.
Conclusions
In summary, this systematic review of alternative azacitidine dosing regimens in MDS and AML patients has highlighted an important deficiency in the literature regarding outcome reporting. Based on a small number of studies directly comparing alternative dosing regimens, there is no difference in efficacy of the 7-0-0, 5-2-2, and 5-0-0 dosing regimens in attaining ORR. However, *N refers to the number of patients included in a study
